ABSTRACT: In Exp. 1, 50 sows and their litters were used to determine the effects of adding a feed flavor to the creep diet on the proportion of pigs consuming creep feed ("eaters") and preweaning performance. Sows were blocked according to parity and date of farrowing and allotted to 2 experimental treatments: 1) litters fed a creep diet with no flavor (negative control) or 2) negative control diet with the feed flavor (Luctarom) included at 1,500 mg/kg. Both creep diets contained 1.0% chromic oxide and were offered ad libitum from d 18 until weaning at d 21. Adding flavor to the creep diet did not (P > 0.41) affect weaning weights, total BW gain, ADG, total creep feed intake, daily creep feed intake, or the proportion of creep feed eaters in whole litters. In Exp. 2, 480 weanling pigs (6.58 ± 0.41 kg; 20 ± 2 d) from Exp. 1 were randomly selected by preweaning treatment group, blocked by initial BW, and allotted to 1 of 8 treatments in a randomized complete block design to determine the interactive effects of preweaning exposure to flavor (exposed vs. unexposed), nursery diet complexity (complex vs. simple), and flavor addition to nursery diets (with vs. without flavor).
INTRODUCTION
The majority of early studies evaluating creep feeding used whole-litter values, which relies on the assumption that all piglets in a litter consume creep feed (Pajor et al., 1991; Fraser et al., 1994) . However, recent studies using inert colored markers reported that only a certain proportion of pigs consume creep feed when it is offered and that "eaters," which are pigs positively consuming creep feed, have better initial postweaning feed intake and growth performance than pigs that do not consume creep feed (Kuller et al., 2004; Pluske et al., 2007; Sulabo et al., 2010a,c) . Therefore, identifying factors that can increase the proportion of eaters within litters may elicit positive effects on nursery pig performance.
Organoleptic properties of the feed may be a dietary factor that can influence the proportion of piglets consuming creep feed before weaning. Feed flavors are commonly used in nursery diets to improve diet acceptance and stimulate intake (McLaughlin et al., 1983; van Heugten et al., 2002) . However, evidence of the potential effects of adding flavors to the creep feed on preweaning feed intake and performance is limited. Preweaning exposure to the flavor may also enhance postweaning responses when the same flavor is added to the nursery diets (King, 1979; Langendijk et al., 2007) , but evidence of this behavior is limited. Some studies have reported that nursery pigs have an innate preference for flavored diets during changes in dietary regimens, especially at weaning or during the starter period (McLaughlin et al., 1983; Rohde Parfet and Gonyou, 1991) . Reducing differences in performance between pigs fed complex and simple nursery diets through the use of feed flavors may have potential economic benefits.
Therefore, objectives of this study were to determine 1) the effects of feed flavor on the proportion of eaters within a litter and preweaning performance (Exp. 1), 2) the interactive effects of feed flavor and diet complexity (complex vs. simple) on nursery pig performance (Exp. 2), and 3) the interactive effects of preweaning exposure to the flavor and flavor addition to nursery diets on postweaning performance (Exp. 2).
MATERIALS AND METHODS
All animal procedures used in this study were reviewed and approved by the Kansas State University Institutional Animal Care and Use Committee.
Exp. 1
A total of 50 sows (Line 1050, PIC, Hendersonville, TN) and their litters were used in this study conducted at the Kansas State University Swine Research and Teaching Center farrowing facility. Sows used in this experiment were from 2 batches of 25 sows each farrowed in November and December 2007. Sows were blocked according to parity and date of farrowing and allotted to 2 experimental treatments in a randomized complete block design. Cross-fostering was performed within 48 h postfarrowing to standardize litter weights and litter size (>10 pigs). The sow or litter was the experimental unit, and there were 25 replicates per treatment group.
There were 2 experimental diets in this study. Treatment 1 was a creep diet with no flavor (negative control), and treatment 2 was the negative control diet with the feed flavor (Luctarom, Lucta USA Inc., Northbrook, IL) included at 1,500 mg/kg. Both creep diets were formulated to contain 3,496 kcal of ME/kg and 1.56% standardized ileal digestible Lys (Table 1) . Chromic oxide was added to both diets at 1.0% to serve as a fecal marker. Creep diets were in pellet form (2-mm pellets) and offered ad libitum from d 18 until weaning at d 21 with a rotary creep feeder with hopper (Rotecna Mini Hopper Pan, Rotecna SA, Agramunt, Spain). The hopper has a 6-L capacity and is adjustable to 5 different settings to allow ad libitum feeding. The feeder setting was checked daily to ensure ad libitum access and minimize feed wastage. The creep feeder was placed in the middle of the side of the farrowing crate opposite to the heat lamp. A single lactation diet (3,494 kcal of ME/kg; 0.97% standardized ileal digestible Lys) was used in the experiment. Sows were allowed free access to feed throughout lactation. Water was available at all times for sows and their litters through nipple and bowl drinkers, respectively.
Piglets were weighed individually at d 0 (birth), 18, and 21 (weaning). The amount of creep feed offered was weighed daily. Creep feed that was not consumed at the time of weighing was collected and weighed. Creep feed consumption of individual pigs was determined with procedures adapted from Barnett et al. (1989) and Bruininx et al. (2002) . All piglets were evaluated for consumption category between 3 and 12 h before weaning by evaluating fecal material for the presence of green color provided by the chromic oxide marker in the creep diet. Sampling was performed twice on each Feed flavors and nursery diet complexity day of collection. In the morning of each evaluation day, a fecal swab was obtained from each piglet and categorized as an eater if green color was visible from the fecal sample. Piglets without evidence of creep feed consumption were re-sampled after 9 to 12 h. Piglets were categorized as non-eaters when no green color was detected from all the collected samples.
Sows were weighed postfarrowing and at weaning. Weekly feed intake of the sows was recorded to calculate total feed intake and ADFI. In this study, 1 sow from treatment 2 was removed from the test because of very poor feed intake. General health of the sows and piglets was checked daily. Temperature in the farrowing facility was maintained at a minimum of 20°C, and supplementary heat was provided to the piglets with heat lamps when needed.
Exp. 2
A total of 480 weanling piglets (initial BW 6.58 ± 0.41 kg; 20 ± 2 d) from Exp. 1 were randomly selected by preweaning treatment group, blocked by initial BW, and allotted to 1 of 8 treatments in a 2 × 2 × 2 factorial arrangement of treatments in a randomized complete block design. Treatment factors were preweaning exposure to flavor (exposed vs. unexposed to the flavor), nursery diet complexity (complex vs. simple diet phase feeding), and flavor addition to nursery diets (with vs. without flavor). Each treatment had 10 replications (pens) with 6 pigs per pen. Each pen contained 1 selffeeder and 1 nipple drinker to provide ad libitum access to feed and water. Pigs were housed in the Kansas State University Swine Teaching and Research Center nursery facilities.
Experimental diets were the combination of either complex or simple diets and with or without flavor for both phases (Table 2) . For phase 1, simple diets were mainly composed of ground corn and soybean meal with 2.5% fish meal and 10% dried whey. The complex diets contained 30% pulverized oat groats, 25% dried whey, 6% spray-dried porcine plasma, 6% fish meal, and smaller amounts of ground corn and soybean meal. Lactose content was 7.2 and 18% for the simple and complex diet, respectively. For phase 2, the simple diet was mainly ground corn and soybean meal. The complex diet was also composed of ground corn and soybean meal, but also contained 4.5% fish meal and 10% dried whey. The simple and complex diet contained 0 and 7.2% lactose, respectively. For both phase 1 and 2 diets, the simple and complex diets were formulated to the same energy and indispensable AA specifications (NRC, 1998) . Diets with flavor were supplemented with 1,500 mg/kg of flavor (Luctarom, Lucta USA Inc.) in phase 1 diets and 1,000 mg/kg in phase 2 diets. Phase 1 diets were in pellet form (2 mm) and fed from d 0 to 10. Phase 2 diets were in meal form and fed from d 11 to 28. Pigs and feeders were weighed on d 5, 10, and 28 after weaning to calculate ADG, ADFI, and G:F.
Statistical Analyses
Preweaning data were analyzed as a randomized complete block design using the MIXED procedure (SAS Inst. Inc., Cary, NC) with the sow or litter as the experimental unit. The statistical model included diet and block as the fixed and random effect, respectively. The effect of feed flavor on the proportion of eaters and non-eaters of creep feed was analyzed using the χ 2 -test with SAS. In Exp. 2, data were analyzed as a randomized complete block design with a 3-way factorial treatment structure using the MIXED procedure of SAS with the pen as the experimental unit. The model included the main effects of flavor in the creep diet, flavor in the nursery diet, and nursery diet complexity, and all 2-way and 3-way interactions as fixed effects and block as the random effect. When treatment effect was a significant source of variation, differences were determined using the PDIFF option of SAS. Least squares means were calculated for each independent variable. Statistical significance and tendencies were set at P ≤ 0.05 and P < 0.10, respectively, for all statistical tests.
RESULTS AND DISCUSSION

Exp. 1
Performance of lactating sows used in this study is shown in Table 3 . Sows had an average parity of 2.3 ± 0.3 and lactation length of 20.5 ± 0.3 d. There were no (P > 0.17) differences in postfarrowing BW, weaning weight, or lactation BW loss between treatments. Likewise, litter size after fostering, at d 18, and at weaning were similar (P > 0.50) between the 2 treatments. There were also no differences (P > 0.68) between treatments in total and ADFI of sows throughout lactation.
Overall, litter weaning weights, total BW gain, and ADG between litters fed creep with and without the feed flavor were not different (Table 4) . For individual pigs, weaning weight, total BW gain, and ADG between the 2 treatments were also not different. Likewise, addition of the feed flavor to creep feed did not (P = 0.66) influence total or daily creep feed intake of litters (Figure 1 ) or the proportion of creep feed eaters (P = 0.41) in whole litters (Figure 2) .
The lack of response to flavor may be explained by 1) duration of creep feeding, 2) high proportion of creep feed eaters within litters, and 3) role of feed flavors in diets of suckling pigs. Duration of creep feeding may be important, and a minimum period of exposure to the flavor is required to see appreciable effects. However, Sulabo et al. (2010a) reported that about 75% of the total litter creep feed intake was consumed in the last 7 d before weaning. Sulabo et al. (2010c) also reported that pigs given access to creep feeding for 2 d before weaning consumed the same or greater amounts of creep feed compared with litters that were creep fed for 7 to 11 d. These observations indicate that creep feed intake is more related to maturity of piglets rather than the duration of creep feeding. More importantly, 3 d of creep feeding was chosen because most pig producers in the United States that practice creep feeding provide supplemental feed for only 2 to 7 d before weaning; thus, any effect of flavor addition must be observed in a short feeding duration.
It is still undetermined whether dietary changes can increase the proportion of piglets consuming creep feed over the rate determined in our previous studies. Sulabo et al. (2010a) evaluated the interactive effects of lactation feed intake and creep feeding, where sows were fed either ad libitum or restricted (75% of ad libitum) amounts of feed. Total creep feed intake of litters did not differ (1,019 vs. 1,034 g/litter) between ad libitum or restrictively fed sows. The proportion of eaters within whole litters was also unaffected (57 vs. 62% for restricted and ad libitum fed litters, respectively) by lactation feeding level, which indicates that a limited nutrient supply did not drive more piglets to consume creep feed. Kuller et al. (2007) demonstrated that intermittent suckling (IS), a management technique, in which piglets are separated from the sow during several hours every day in the second half of lactation, increased creep feed intake before weaning; however, IS did not increase the percentage of eaters within a litter (19 and 23% in the control and IS litters, respectively). This indicates that IS increased creep feed intake of piglets that were already eating before the period of separation, instead of increasing the number of eating piglets within a litter.
Creep feeding duration influenced the proportion of eaters in whole litters (Sulabo et al., 2010c) . Litters provided with creep feed for 13 d produced approximately 14% more eaters than litters fed creep for 6 and 2 d (80, 70, and 71% eaters, respectively). However, a 14% increase (from 70 to 80%) in eaters only translates into 1 more eater per litter (for a litter of 10 piglets). Creep feeder design also influences the proportion of eaters (Sulabo et al., 2010b) . Litters using rotary feeders with a hopper had greater proportions of eaters than litters using a pan feeder or rotary feeder without the hopper (69, 22, and 27% eaters, respectively). In those studies, the greatest rate of creep feed eaters achieved was 80% when nondietary factors were manipulated. Any effect of dietary factors on the proportion of piglets consuming creep feed remains to be determined.
Results may also be due to the role taste and olfactory cues play in stimulating greater intakes by suckling pigs (Kennedy and Baldwin, 1972; Houpt and Houpt, 1976; Danilova et al., 1999; Glaser et al., 2000) . Few studies have evaluated the effect of feed flavors on creep feed consumption; most have evaluated flavor exposure prenatally or flavors through the lactation feed (Campbell, 1976; Langendijk et al., 2007) . Campbell (1976) suggested that creep feed consumption can be stimulated when piglets are acquainted with specific flavors associated with the diet or the milk of the sow. When flavors are added to the creep feed, results have been consistent. In one study, addition of 5 g/kg of monoso- Two groups of sows (25/group; Line 1050, PIC, Hendersonville, TN) were blocked according to day of farrowing and parity and allotted to 2 treatments. dium l-glutamate to the creep feed led to an increase in creep feed intake from d 18 postfarrowing; however, no differences in weaning weights were observed despite the increase in intake (Gatel and Guion, 1990) . Monosodium l-glutamate is the principal source of the umami taste, which increases intensity and acceptability of inherent flavors of food. In a follow-up study, addition of monosodium l-glutamate to an associated commercial flavor in creep feed did not elicit any effect on creep feed intake or preweaning performance (Gatel and Guion, 1990) . Results of the current study agree with those previous findings.
The lack of effect in suckling pigs may indicate agerelated differences or greater individual variation in palatability perception. Sulabo et al. (2010a) showed that increased physiological need for nutrients driven by restricted feeding of lactating sows did not stimulate litters to consume more creep feed or increase the proportion of creep feed eaters. This indicates that changing the flavor properties of the creep feed may not be sufficient to positively affect preweaning feed intakes.
Exp. 2
The main effects of flavor in the creep diet, diet complexity, and flavor in the nursery diets on postweaning performance are shown in Table 5 . Results indicated tendencies for a 3-way interaction among flavor in the creep diet, diet complexity, and flavor in the nursery diets for ADG from d 5 to 10 (P = 0.10), d 10 to 28 (P = 0.09), and d 0 to 28 (P = 0.06). Generally, postweaning ADG of pigs exposed to the flavor in creep feed and fed flavored complex diets was greater than that of pigs fed any other treatment. No (P > 0.13) 3-way interactions were observed for pig BW, ADFI, or G:F in any period.
Increasing diet complexity improved (P < 0.01) ADG and ADFI during both phases postweaning. Pigs fed starter diets with greater complexity were heavier (P < 0.01) than pigs fed simple diets at d 5 (+ 0.36 kg), 10 (+ 0.68 kg), and 28 (+ 1.5 kg). Feed efficiency was also improved (P < 0.01) in pigs fed complex diets from d 0 to 5 and d 0 to 10 but not from d 5 to 10 (P = 0.58). However, pigs fed complex diets were less (P < 0.01) efficient from d 10 to 28 than pigs fed the simple diets. Overall (d 0 to 28), pigs fed diets with greater complexity had poorer (P < 0.01) G:F than pigs fed simple diets.
These results agree with previous studies that evaluated the effects of diet complexity on weanling pigs (Himmelberg et al., 1985; Dritz et al., 1996; Whang et al., 2000; Wolter et al., 2003) . Those studies reported marked improvements in early postweaning ADG, ADFI, and G:F when pigs were fed diets with greater complexity. However, the effect of diet complexity on pig growth and efficiency decreases with increasing time postweaning (Dritz et al., 1996; Whang et al., 2000; Wolter et al., 2003) , which may help explain the poorer feed efficiency observed in this study from d 10 to 28 for pigs fed the complex diets. Though some studies have demonstrated the ability of certain feed flavors to mask less palatable ingredients (Roura et al. 2008a ), the negative effect of feeding the simple diets observed in this study may be too great for the effect of flavor to overcome. However, the benefit of feeding starter diets with greater complexity on weanling pig performance should be weighed against the additional feed consumption and the greater unit cost of the feed. Exposing pigs to the feed flavor in the creep feed did not (P > 0.27) affect ADG, G:F, or pig BW in any period postweaning. Daily feed intake was also unaffected, except for d 5 to 10 when pigs exposed to the flavor preweaning tended to have less (P = 0.07) ADFI than unexposed pigs. Supplementing the starter diet with feed flavor tended to improve ADFI (P = 0.06) and numerically improved ADG (P = 0.15) during d 0 to 5. However, no differences (P > 0.20) in ADG, ADFI, and G:F were observed between pigs fed starter diets with and without the flavor in all succeeding periods. Pig BW were also unaffected (P > 0.35) by flavor addition in all periods.
Addition of flavor in the nursery diet helped achieve modest gains in feed intake and BW gains early postweaning; however, the benefit of flavor addition was not observed throughout the rest of the starter period. In a recent study, addition of an enhanced milky flavor to the starter diet improved ADG and ADFI numerically only in 1 trial; another study reported a statistically significant improvement compared with pigs fed unflavored diets during d 0 to 14 (Roura et al., 2008a,b) . Overall (d 0 to 28), previous trials reported greater ADG for weanling pigs when the enhanced milky flavor was added to nursery diets, which is in contrast to results of the current study. This indicates that the effect of the feed flavor is variable and may depend on the diet composition.
In conclusion, addition of feed flavor to the creep diet did not affect litter creep feed intake, the proportion of piglets consuming creep feed, or preweaning performance. Benefits of flavor addition preweaning should be assessed on the basis of effects on postweaning intake and performance. Preweaning exposure to the feed flavor improved postweaning ADG and ADFI of pigs fed complex diets supplemented with the same flavor but did not influence performance of pigs fed simple diets.
